The Challenge of Interstellar Flight
• Voyager 1 mission: -0.722 t spacecraft launched in 1977 to study outer solar system and boundary with interstellar space. -After 33 years, Voyager 1 is currently at 116 Astronomical Units (AU) from the sun travelling at 3.6 AU per year, no spacecraft launched to date will overtake Voyager 1.
• If Voyager 1 were on a trajectory headed to one of the Sun's nearest neighboring star systems, Alpha Centauri at 4.3 light years (or 271,931 AU), it would take ~75,000 years to traverse this distance at 3.6 AU/year. What about hyper-fast interstellar travel?
Putting things in PERSPECTIVE…
• Is there a way within the framework of physics such that one could cross any given cosmic distance in an arbitrarily short period of time, while never locally breaking the speed of light (11 th commandment)?
WORMHOLES (shortcuts)

SPACEWARPS (inflation)
Images courtesy NASA "Hyperspace" Oscillations • Even though space-time is incredibly "stiff", higher dimensional space-time model can be used to alleviate this using the following trick:
• How can this scenario be physically established?
• Further, if there needs to be large dU/dt with U=0, then there needs to be oscillation in d/dt so this will occur repeatedly. 
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White-Juday Warp Field Interferometer
• White-Juday Warp Field Interferometer developed after putting metric into canonical form 1 :
• Generate microscopic warp bubble that perturbs optical index by 1 part in 10,000,000 • Induce relative phase shift between split beams that should be detectable.
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Numerical simulation of fringe at detector with device off Numerical simulation of fringe at detector with device on 2D Analytic Signal processing • In 1994, Alcubierre published a paper 1 exploring the consequences of inflation within the context of General Relativity.
White-Juday Warp Field Interferometer
-Paper derived inflation-based metric allowing for rapid transit times between points without locally violating the speed of light. -Working mechanism was proposed to be the York Time (inflation).
-Alcubierre metric requires a halo of negative energy density which violates several energy conditions and is considered to be classically non-physical.
• Concept of Operation -Spacecraft departs earth using conventional propulsion system and travels distance d, where spacecraft is brought to stop relative to earth. -Field is turned on and craft zips off to interstellar destination, never locally breaking the speed of light, but covering the distance D in an arbitrarily short period of time. -Field is turned off at standoff distance d from the destination, and craft finishes journey conventionally. -This approach would allow journey to Alpha Centauri in weeks or months, rather than decades or centuries as measured by an earth bound observer (and spacecraft clocks). • In 2003, this author published a paper 1 that derived the canonical form of the Alcubierre metric allowing for a better understanding of the physical nature, and how it might be manifested (at least mathematically).
-Canonical form mitigated energy density symmetry paradox and showed that working mechanism might be the boost sphere (resulting from halo) acting on initial velocity
• e.g boost = 2, initial v = 27,500mph, apparent v = 55,000mph
-Boost is something that can be readily engineered, while the notion of inflation is less tangible.
• A modified concept of operations is proposed that may resolve symmetry/symmetry paradox. • Spacecraft departs earth and establishes an initial sub-luminal velocity vi, then initiates field. • When active, field's boost acts on initial velocity as a scalar multiplier resulting in a much higher apparent speed, <v eff >= v i as measured by either an earth bound observer or an observer in the bubble. • Within shell thickness of the warp bubble region, the spacecraft never locally breaks the speed of light and the net effect as seen by earth/ship observers is analogous to watching a film in fast forward. • Consider the following to help illustrate the point --Assume the spacecraft heads out towards Alpha Centauri and has a conventional propulsion system capable of reaching 0.1c. -The spacecraft initiates a boost field with a value of 100 which acts on the initial velocity resulting in an apparent speed of 10c. -The spacecraft will make it to Alpha Centauri in 0.43 years as measured by an earth observer • To this point, discussion has been centered on interstellar capability , but a more "domestic" application within the earth's gravitational well will be considered.
Modified Concept of Operations
•
Energy density for metric is negative, so process of turning on a theoretical system with ability to generate negative energy density, or a negative pressure as shown in [1] , will add an effective negative mass to the spacecraft's overall mass budget.
In reference mission development using low-thrust electric propulsion systems for in-space propulsion, planners will cast part of trade space into domain that compares specific mass a to transit time. (see LEO to L1 inset) • Specific mass of an architecture element can be determined by dividing spacecraft's beginning of life wet mass by the power level.
Transit time for a mission trajectory can be calculated and plotted on graph that compares specific mass to transit time.
If negative mass is added to spacecraft's mass budget, then the effective specific mass and transit time are reduced without necessarily reducing payload.
A question to pose is what effect does this have mathematically? If energy is to be conserved, then ½ mv 2 would need to yield a higher effective velocity to compensate for apparent reduction in mass.
EXAMPLE:
• Assuming a point design solution of 5000kg BOL mass coupled to a 100kW Hall thruster system (lower curve), expected transit time is ~70 days for a specific mass of 50 kg/kW without the aid of a warp drive. • If a very modest warp drive system is installed that can generate a negative energy density that integrates to ~2000kg of negative mass when active, the specific mass is dropped from 50 to 30 which yields a reduced transit time of ~40 days.
•
As the amount of negative mass approaches 5000 kg, the specific mass of the spacecraft approaches zero, and the transit time becomes exceedingly small, approaching zero in the limit.
In this simplified context, the idea of a warp drive may have some fruitful domestic applications "subliminally," allowing it to be matured before it is engaged as a true interstellar drive system.
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